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(57) Abstract: 

PROBLEM TO BE SOLVED: To operate a digital 
PLL( phase locked loop) with a system clock. 

SOLUTION: An A/D converter 2 outputs the value 
sampled in synchronization with the system clock from 
the reproduced signal read out from an optical disk 111 
using a readout device 1 to an interpolation circuit 3. 
The circuit 3 calculates and outputs the value of the 
reproduced signal (interpolated value) at the time when 
the phase of a PLL clock phase signal from a PLL clock 
phase signal generator 7 is zero from the sampling value 
by linear interpolation. A bin arizing circuit 4 
bin arizes the interpolated value to output to a 
reproducing circuit in the later stage. A phase error 
detecting circuit 5 detects the zero-cross of the 
interpolated value and calculates the phase error signal 
in accordance with the time to output to the PLL clock 
phase signal generator 7 through a loop filter 6. The 
signal generator 7 generates a PLL clock phase signal 
corresponding to the phase error signal to supply to the 
interpolation circuit 3. 
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H*fFM*<ol6ffl] 

rtzmrnffimmz. mmrnxwrn-tzztzmmtir 

m ^z$if$rfz> ?*y ^m^^mt^m^n^mmi 
mm* 



»£<0*n&StiiU Z<D^m2<D7mSXTXZ>?>W& 
♦ix *<Kfa%1^%2<D?vy2fa^<o\$.b\s, ZCOfU 

&me.m2<D7£m£*)*z^m&te. t<om^hmwm 

2 <D3t»«r«»U*:*«rlWnE«2 tf>^ o yffc&tomk 
[0 0 0 1] 

iSfel-»t, ^l^p^f^iu, {its 
msiae ct^^ nft««:m big 2 to * u 

mm^x^yv >y^x£rft£*iizm*h. 12^ 
[0002] 

[0003] ^oiSftraWK^fcS^-r 3t 
[0004) roi 9*eaiRiffl»-*3v^H:. ftiatfc 

fs^^PLL (Phase Ucked Loop) HJSST*^ n .y ^ 
[0 0 0 5] Hi 1 T^P^^aPLLEtefc^r 

[000 6], ic^^lioni Y*r4* 

mmr^i o 2»ctti^i-sJ:pic^$tvrv>5 0 
[0007] mzmm 1 0 21*. a»si5*ei 0 1 

L LESS 10 4 iC^i"^ J: p K&£;h,T^5c 
[0 0 0 8] T^n^PLLlUSSl 0 4(1 

u ^(om^^y^mm o 3tcffi^-r^ct 

TOfflftfffOKIRS (5tx^^^l 1 llcIE^HT^S 

r-f^fc-tz) x\ t<om (o^/ciiD &mtt 
6c t^oTs t^o^pllihissi 0 4H ronorna* 

[0 0 0 9] rcOT^Oi/PLLlElSSl 0 4lC*3V^ 

tt, <atBit«ss i2in mm$m \02±y>m&* 
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th±w±m j %t, W£mm$m$s (vco) i 231a 
&mmmznftL, ^(omBmm^^-yy ^ 1 2 

2lCtttf3U 1 2 21*. f3tf@it»i&2i 1 2 

co 1 2 3tc^-rSo 

[0 0 1 oj vco 1 2 3te. /i — yyj/isf 122J; 
0«l&$ix^:fa#«>«EE«[»^i:T, 0 2 

©&i o 3tctu^-r6 0 

[0 0 1 1) COiplcLT, T-^Di/PLLlHl^l 0 
[00 12] 7 y^-mi&l 0 3li, T*^d ^PL LDeDS^ 
1 0 2 X 9f£if££H7t^{f-^£\ &§t0>¥&EM 
[0 0 13] U35*Uft3ft«b, Tto^TfcSPLL 

ihi?§io4^ mmmt. m^t, Wawifbot^ 

Pn^fcWLTV^ 

[0 0 14] ^r^T% WJ:pMI^t5, 7*3* 
*/Hb3*ufcP L L[s]&asB3$6£;h/C^5. 

[0015] Hi 2 (3, x^A-P L L0^-t&&#'J 

[0 0 16] ^i^/VPLLE&T'te, 7^*/Wfc,£*b 
fcffitfBttfcfcS&l 4 1*3 J: 1/71^-^7 -f/U^ 1 4 2^!J£§ 

(VFO) 1 4 3>6WE£;h,5o ^VF0 14 3ll 
/u* 1 4 2 £tf LTffc&SftWWBSSSg iff 

i^i-^o fc^tt. VFoi4 3(t jv—^y^/v? 

[0 0 17] ffi»iftSS»cjc£:CX?&^}6^*«^«»^IH 
ttX0m&ffV^e**e>titt>U #J^3§14 4d\ 

[0 0 18] 



[0 0 19] fcilU P^ft^A/D (T-tv?/ 

~— *icAAU y7 h^^rW»c^^PLLi&^ 
[0020] W^il £o*5&#&fc»^Tfc£*i, 

[0 0 2 1] 

Mil, JglOB**JfeJ:t^2 0B#*Jlc*ttUT^>'7 , y 
tt«^J©^S«3(Oflt»]Jc:*3»tS«R|fli[*. j»?^»Prg 

[0022] tn^2\zmm<on±^mn. iittxt 
^^f^Mz.2^>(Dm.^h, ^z<o2^<nm^y^ 

v>-^^ritzmi^Misxxfm2commt, m2<D? 

[002 3] fjt*£ 3 ICEtt4>B£«lttt. MtEl^ai L 

^vN^ri. *<nm*bm2<Di£&zifmvt-m&m2 

[00 2 4] »3RJS4 lc|5tfeo|f^&(i x Mleimffi U 
-tOftiS»2^3t*£AT"Cfc5^fi. ^<ofn$rJf! 
^v^»^«:. -t^fPd^«2^««r**Lfc«S:Sg2 
[00 2 5] li^ri 1 K£$&*>H^BlC*5V*Tttt, "* 

Ba«i»tti»«:. * 1 <DtifMis± x*m 2 0>B$m \zmm tx 

[0 0 2 6] »*Xg2lC|E*^^5felCfcV^tt, 31 

^ttfyyy >^^ix/c2o^fii^b. ^o2oct>m 
y v ^ ^ nfc m 1 <£>B^]:fe i: 2 cob^J t % 

b 2 <t>^ o ^^m^m^^tBic^-r^^3o^j 
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[00 2 7] fM**l3 (C|5«fe(Of?^SJC*5V^Ttt, * 

£U j e^fo^^2<o^J;^^:tv^^i > -e^fe^ 
<bfg 2 OS^MIlfcl?:^ 2 n 5/ * {§ #<OfS£ 

[0 0 2 8] SS3ftig4tc:|Btt<DS^*&^*5V>TttH fl 

m»m ^tzm 2<d?u y?m-%(omt, mi<Djmt<D 

cofp^2<0^n^^{f^|jt^ U ^f0A^JK2O£ 
»J;5*#v^»^f±, -to^?>m2©3t»*«»Lfe 

[0 0 2 9] 

Ztofcfj*? 1 1 1 icu- 1f*«rfl»tU *7*-f 

[003 1 ] A/Dny^-^ 2 li, 9^fi 1 X 

k*:v hm^^^/Hit) £r«ffi3lEl&3 (MNHBJItfM) 

[0 0 3 2] ttB8lH!8&3tt, v-^^n^T'lJifE 

f$&) XVzs*TJ±?vy?\cmMVX{^£ntcPL 

P L p s/^ttffiflt©ttffiMp-Cfc5 1 SO 
l^m^-Ofit (MRffiO A/Dny/W2i!)tt 

[0 0 3 3] 2imtm&4&. isXTJxfvyfTtmtfF 

u im®& 3 x *> m& $ Hfcs^s^o«rattS: 2 m 
7*—* &&&(Dm&jB}& m^T) \zMt>-rz>x?\z. 

[0 0 3 4] ffitBas^»tti0K5li. WA^py^ 
T*iWU «RfllHlK3J;?)tt^$ixfc1iPfltto, jEd^b 

[0 0 3 5] /l*— y^-f/l^ 6I±. ^X-k^Ds/^"? 



[0 0 3 6] PLL^D7^fitafBtM^7'tt:, 

[0037] m%n. ffi%mto3<D—ffijsm&7skvx^ 

5o 513^*^2 l Ml, A/D=>y/<!- ^ 2 {c«t t)B#S)Jt 

S§2 2lcffi^-TSJ:5^3tiTV^ 0 
[0 0 3 8] f£^2*2 2tt x ifo^n;*;t£fcBlHlS§2 8 ^ 

b>r*— ^>wa-ws«»$^fcit, jbish^ lit) 

«#0D«[PiO« (ShXP.) «r»tau 
»SS2 3lctft*i"SJ:5^3te$nTV^ 0 
[0 0 3 9] iJOl^ (^§5) 2 4li, PLL^u^ 

*©fi£Pii:^»A (mi <Dim) i^m <om (a— 

Pi) £rf+mu ^«0ff»3fe*^»S2 5JcW^-r5 
[0 0 4 0] ^£§2 512, ^D^DJ^*ailHiaS2 8^ 

2 2 ic j; «9 p^^ij t itcif-^y v^^Hfc-y-^i; 
fiiSi^, *d»«2 4 j:9«i^$Jxfc«: (a— p) <om 

(Six (a— p> ) *nmu *oa*jD«s2 3t 

[004 1] »Dg^2 3 fi, m&&2 2 XV ^^Hfc 

« (s,.xp,) t. mw^sxvmzztitzm (s 

.X (A— P) ) COfO (ShXP.+ S.X (A— 

Pi) ) £ftnu *<D&sm&z : 7??mi&2 6\zm 

[004 2] iSSiX^ 7tt. PLL^D^/^f^ 
5B^S7 mm t.lc^tt^PLL^n 

ty^^{f^-PC0ffiPi^s ^^rA^D^It 

[0 0 4 3] ^D^P^^tBlElSS2 8li, 5BS5R-7-2 7 
iO^^nfc. ^tH^PLL^ns/^ffifaf 
POfitPwi:, PLL^D^&tefI-^4=£i7«fc9 

p«p^i (Pi— po &§mu 

$>6^^«L, ^X'fc<5<!:^Lfci^ PLL 
iy^^m^-iCifu^u^^^Lfc (PLL^p 

•> ^ {i^m-^ p (o&mK t M ibm^n % i<Dmx* 




=7 ^f@»2 6\c^ ^—yMt^Z&jj-tZXjlz.teZ 
[0 0 4 4) 7->«2 6il EHa^SrrtJBU * 

d*L-CV^«€r.S^«#<oaiBHj[Lii:LT, 2WbH 
& 4 *5 J:tfla*BISSI«ttJlHl» 5 icaWrt" a J: b left £ix 

[0045] iul^ mmammb 5 

U ^tA^d ^Ti&*Bt£Mgffi[H]Sg4 2*5.1: 
UHr 0 * u *«|tfj|5]fc 4 3 tea^-f 5 <fc 9 l-ft 2*bTl > 

So 

[0 04 6] ifa^n^ttJ0SS4 312, if*£3lHF-4 1 
[0 0 4 7] D^n^tfcHUSS4 3«U Li-i^iEX* 

Jt^am-^^me^^ajiu^ 4 2 ie{&&-rs tth 

Id. Li-i^Xfe^ ^o, L.^jE-cfe^^^^J 
*U--Li-ia**-e*>9, **o. Li3*jE"C*>3»S\ *§ 

[0 0 4 8] (4tg^M^ffiHI8S4 2«. -^D^n^^tU 

mss4 3 «t vm$£frz>m^\zfctx. mm** 1 «t 

[004 9] ffitiKSgff ffililSS 4 2 12, Jb# 0 (OH 
i-i£MrattLitf>fq (Lh+L.) ^ftll, -£co*p£ 

[0050] {&t@sSHIiaj[eI3& 42li, £*>T# 9 o-if 
i-ii:«ra«[L,^fp»-— l^U-fctt <— <iL+ 

[005 1] IN 12. PLL^nj/ *ffi*Bm-5B6£8&7 
6 112. i'^^o :y^tC^oT§frf£L, /U— 




WlO-2 7 43 5 

fix («2(oftfik) £HtBU *oJ:Pfittx£Ap|B& 

(«SM» 6 2*5jlO<JfceSi6 3lcm^i"6cJ: 

[0 0 5 2] JEiR3E^lpl8S6 4Ji. 0r£ojeftA«r9S^ 

[0 0 5 3] 3bD»»6 5fi, ^M64.J:D^ 
$^tAt PLL*u**(fctBU'^**6 7 J; 9 

^^^cPLL^oy^fictem^-p.^fp (p.+a) 

[0 0 5 4] immszxi. Dmmesxvw&Ztiti 

m. (p s +A) <t v wm\si?x*±m&simw\&6 1 £ 
ip^^ixfcjiRBflitx^ (p,+a— x) ^tfii, 

[0 0 5 5] tt»8S6 3li, Ai]W6 5 J:9W&$^ 
M (p.+a) &te*si?x9±mmttm&6 l Z 
9t*&£Hfc±PM£XoM (P.+A— x) 

[0 0 5 6] lt«SS6 3fi*fc. ff«i*ixfcte (Pi + 
A— X) ^jETfcii^^L, th»$Jxfcffi (P 
i+A~X) aSjETfcSfc^MUfc*^ (EP*>, (P+ 
A) >XT-£>64§^) % » 1 ^ftfJfWf5-^2:§J#[El» 6 6 
^tt*&i-5o &M£frtc.m (Pi + A— X) 

D£ATTfc5i:«tm (IP*>. (P.+ A) ^X 
-e*>5»fr) . «2©»J»fi#*§]e[5IK6 6ld#fc&i- 

[005 7] ^)WlHl¥S 6 6 «U mi ©IH»fl^*»$ 
Hfc^ (EP^ N (Pi+A) >XT'$)50 , JJP^ 
^6 2j;»)M^fcI (P 5 + A— X) $:PLL^d 

^Hfc^ (gp*>. (P. + A) ^Xt'$>5§^) , AD 

n&6s±ym&zthtc.m (Pi+a) ^pll^7 

[0 0 5 8] PLL^oj'^^^e 7fi, i/^ 

ixfcfit ( (Pi + A) ^fcIS (P. + A— X) ) 

-^-tDfitPi^ LT, »D«S6 533j:tW*ra0»S3icm^ 

[005 9] i^±^J:9^^ C^)PLL^PS/^Mf 
^»7(j: % ^r^^^l:to«U PL 

lC^«A»tif*DU'CV^ % *f»DUfe« (P. + A) 35- 

-bffifiiXSrS^sa^. -t^ADLfctt (Pi + A) a> 
^±RR<SX€r«»-T6 (P.+A— X) . 

[0 0 6 0] Z<0£?\ZL,T, 05;|:*tJ:?i:, PL 
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m%tfA/& t (A t\t.i/*y-J>>?vyt<Dmm Xh 

:y * i^tf p ^mm-TSo 

[0 0 6 1] ftfc:, ^^j^^tt^PLLiim-ov^ 
[0 0 6 2] fe^^tblH]S§5lCjoVNT, if 

[006 3] £*>Jb&* 9 £>1f n * n IC^-T 5f§ 

n y * m^mp^m l .-i * mm u<o*u ( l h + l o 

* 6 KtfWii-s. 

[0 0 6 4] H (a) tt, iitf* V) <oM n ? n 
6 0 

[0 06 5] — ^ ■¥n^n^tttfilElB4 3 tt, Lh 
i-iasiE-CifctK Li^T*>*fc*IWLfc»«\ 

^ntcM/^-ram-§-^{ii : @m^ai[Hig§4 2fc^-r 

[0 0 6 6] 3i^T^t)^n^n^|C>c^t-^m^ 

ill (— (L,i+L«) ) £i+HU -toffi^rttHS^m 
[0 0 6 7] 1L6 (b) fi x 4*>WW D^n^3&5 

*raffiLi-iO|fe^Si[J:!9^:$v>*& % A0<Dfi£te. IE 

[0068] ^ ffir$mL i -&£wmmh>&mn 

^*>M£ttileI&&4 3fi, tt*Ba»H»fflIeltt4 2lw N # 
lc{pJ1>tii^L^v\ tLt, <£*BmHlltHle]&4 2rtu 

if o ^ cr ^^ttiiHiss 43ic«t»)ifu^D^ ic^i-sm 

[0 06 9] gjy 9 l-s &^_L^ 9 o-tf p ^ d 



Xt, B#£J t i-i^ffiPplfilL.-i^^J t s (?>1traffl[LiT 
»»*IWILfc«[L3S*OIC*S«Wl3ftS. B#£lj t i-,£b*m 

[0 0 7 0] fc*3. ffiffl^«ffilElK5»Cfi. PLL^ 
o y fffim^mttm 7 \C± V £/&£*b*:P L L ^ n y 

? i<mm^&w3m& $ n^v ^ . PLL^^tti 
^ ^7-f/^^H«ji-siticfto. wawic, pl 

[0 0 7 1] ^IC. /I— ^-</W^6i±. 

p l l (c*>v ^T m*&x$m&*% < mtixjEffimtfrfr 
%ffi*»e>f&& j m&&mti2itx^z. 

[007 2] -t Its PLL^D^Wf»7 
T. PLL^p 6 7t^^^tb5M^> 

[0 0 7 3] it^6 3«, m&me 5 J:9«i(&$^ 

M (PiH-A) fiCttU^^JiPfittlCttJlHlK6 1 ct 

t>«l&$nfc±PfifiiXi:eo^ (Pi+A— X) SrftS: 

M (PiH-A — X) 3ft5jE-Cfc53&^^3pJ*fU fit 
(P,-fA~X) *siE-cfesi:*JWUfc»& (BP^>, 

(p»+a) >x-c$>6#^> . %m®&e6&mm 

U *D»»6 2tJ:!J»tfi$^fc«L (P.+A— X) & 
PLLr^a^^{itBU^^6 7tC|Eit$^r^o 
[0 0 7 4] fl-#3*Lfc:fl[ (Pi + A— X) d^-tf 

nWT-efcstwwifc^ cap*>, (p.+a) ^x 

*D»«6 5lCj:5»tjb$Hfcfli[ (Pi+A) ^PLL^ 
[0075] PLL^n^/ ^^r^H ^6 711 

Stirt^ -ttOiiaSrPLL^njy^ttffift^OfllP, 

t L-c*pflis]» 3 ica^-r So 

[0 07 6] ClcDj:9lCLTs PLL^D^^ttftflf 
»ffiU «F«1lsI8S3(caW3i-S. ^U, PLL^d 7 
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[0 0 7 7] fclC. ffim\°\& 3 f*. t i-i (HO 
0^J) te£W$Mti (M2(Dmm) KtottZ, 2OC0 

[0 0 7 8] {SitB^PLL^o^^{iti{f^P^irD 

tc. PLL^Ps/^fitfBif^-P c^Pt^-^T* 
&5<£>T\ (t — t.) £ (t — t-i) Oit ( (ti 
— t) : (tr-ti-0 ) Pi£ (A— P) tf»t 

(Pi: (A— P) ) <i{Rl— T'fo^o 

[0 0 7 9] ■fr^y v^flts.-i, Sid»fc«Pi3 

«Li\«r«i^tra^»m"rso"c, (t — o <t 

(t-Vi) Oit ( (ti-t) : (t-t-i) ) 
(Si— L' ) £ (Li* — Si) OW: ( (S«- 
L.' ) : (Li* — Si) ) tem—X~3bZ> 0 

[0 0 8 0] ^ot, (Si — L* ) t (Li* — 
S 1-1) <Dtt ( (Si — L* ) : (L^ — S,) ) 
ts Pit (A — P) Oit (Pi: (A — P) ) tt. 1^3 

(Si — L/ ) / (L.* —Si) -PiX (A— P) 

[0081] £05£&«£fi:-r£. ff^f§#^«ra*L 

Li' = (SnXPi+SiX (A— P) ) /A 
[0 0 8 2] 3 lC*5^Tte. Z<D#:<Dft^- (S 

MXPi-fSiX (A— P) ) 11^2 1, fft^ 
§|2 2,»2 3, 2 4, *5.fcl* HtW*2 5T*ffl 

[0 0 8 3] *-r. ^D^o^«ajiagS2 8»^ 1^ 

^-Pm^s BS*J t.iC^tt^PLL^n ^^fitBm-^-P 

iO^ (Pi— p.,) £§f-jSU wCOM^x^5^ 

2, 2 5 jo«tr/7^^iHisS2 6\^^-y/um^mti 

[0 0 8 4] if nj^n^^miBlSS2 %frh-<**-7Mn 

m^-tOflPi^ (ShXP.) £»iiU ^ISSrflD 
KS2 3«CtB^lU *»Sl2 5tt, A/D=3>v<-*2 

2 ±*>m&z*},tiv^)) isfmstt, »pwss2 4j: 

D0fc^$Hfcfii (A — P) (SiX (A— P) ) 

[0 0 8 5] ADff&2 3te, ^«§S2 2 J: t> £ Hfc 
fit (SmXP.) ^»82 3«t5«J^$n3fcfii (S 



sX (A— P) ) <7}fP (SnXPi+SiX (A— 

p.) ) z$mu *<Dtm&&Z7 v : ?-is}&2 6ictts 

[0 0 8 6] ^tt, 7 y3-m&2 6tt. 3)D^§£2 3J: 
£M£rU *<0«t«r*IIHMLifcL-C, 2 ffitelsllS 4 *5 - 
[00 8 7] 18ft, 72/^lE]iS26j:t)tti^$iX^t 

{iL^m^P^MPi (U^oxfp) ir^j ti-ilcfti&S 
axfcfi&Pi-ilO&CT, mm t i-,7!;3P^J t ilcjoV^T 
PLL^P^ OTftP u ^ P * tm$L Lfc# 
-§\ 4tm@tt3»U «raffl«r3BHrU B**lt M 72£9*. ■ 
t . 1^*51/ >T P L L * p ? iiLmm^- Pl:t'o^PX 

[0 0 8 8] i^i?^ «KIIslK3rt: % fig (SkX 
Pi+SiX (A— P) ) «r«PJ3«Li (Li= (SmX 
P,+ SiX (A — P) ) ) £LT*ttJU ^21 

flLi' (=L,/A) SrKfflU *©«IC#U 2fig^b 
[0 0 8 9] ^coi^^-r^r ^ICJ:»9. ftAOfijl 

[009 0] PLL^D^^^tem^-^cz^u 

K2 8fi, §1^2 2, 2 51o±rJ"7y7-m , &2S\Z4 
^—y/WI^-$rtB^U^VNC0T\ 7 5/^lHlSS2 6fi. 1 

^v?v*ifem&n2Sfrh<D4*—zf/i^ j %'\z.m 
r^ute£ttM3LTt>) , iRii:^fii$r2^3g-rs 

[0 0 9 1] |^JiOj:9l- tT, *H»0iJlC*5V^-Ctt.' 
ttffitS^*ffllEltt 5 ttu S±fB^-<OMraffiO-fef n ^ P ^ 

^tBU PLL^D^&fam-i-^^li, ^rO-fix 

ic^ur, is^^PLL^D ^^^tem-^po^ 
mzmm-Fzztx. wm*&*m-rz9*syr (p 

[0 0 9 2] rtO^pi^lf^m^-Oti^M^ifn^D^ 
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